. However Unfortunately, cost effective production of CNTs is an important issue. Generally, CNTs are synthesized by three different production methods;. These are arc discharge; laser ablation; and chemical vapor deposition (CVD)methods. Both arc discharge and laser ablation methods are very difficult to scale up. On the other hand, due to its simplicity, low cost, product purity and easily controlled growth factors, CVD is the most promising method for industrial scale production of CNTs (2).
Basically, CVD process is dissociation of hydrocarbon molecules on the metal catalyst at high temperatures (500 o C-1000 o C) for a certain period of time. Precipitation of the carbon on the metal particles leads to formation of CNTs. Working conditions of CVD such as Temperature, hydrocarbon concentration, metal particle size, and pretreatment of metallic catalyst, and time of the reaction synthesis time are the crucial parameters that affect the quality of final product.
Depending on these parameters, single-wall carbon nanotubes (SWCNTs) and multi-wall carbon nanotubes (MWCNTs) can be produced (3). depending on reaction conditions (3).
Because of Since CVD process depends on catalytic decomposition of hydrocarbon molecules, the role of catalyst is important for ability of CNT formation. Metal particle size is crucial for control of CNT diameter. Supported catalysts ensure the control of particle size for the growth process. Ordered mesoporous molecular sieves are preferred as a support material because of high specific surface area, large pore volume, uniform pore structure, and tunable pore size varying from 2 to 10 nm (4). Among the mesoporous materials, FSM-16 is a good candidate because of its large and hexagonal pore structure with high specific surface area.
Indeed, ordered structure of FSM-16 ensures the good dispersion of metal particles. When FSM-16 is loaded with metal particles, it can be used as a catalyst for various reactions applications such as, CNT production, hydrogen storage, and adsorption.
To meet the demand for CVD operation process, type of the metal loaded on the support material is critical. In previous earlier studies, researchers reported, transition metals such as Fe, Ni, and Co are commonly used that Fe, Ni, and Co are the frequently used transition metals as catalysts for the CNTs production (5). In addition to these, Sc, Ti, V, Cr, Mn, Zn and combination of them are also used as a catalysts (6,7). In the present study, we report the catalytic activity of Fe impregnated FSM-16 in the production of carbon nanotubes by the CVD method using acetylene as hydrocarbon source. The effect of different reaction temperatures and acetylene flow rate on the formation of CNTs was were investigated. The morphology and crystallinity of CNTs grown on Fe-FSM-16 catalyst were investigated using Scanning Electron Microscopy, Raman spectroscopy, and thermogravimetric analysis.
Experimental

Synthesis of Fe-FSM-16
According to previously published procedure (17), synthesis of FSM-16 were carried out by using kanemite 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w  O  n  l  y Carbon nanotube production was performed by using a CVD system. 100 mg of the synthesized catalyst was placed into a boat crucible and then put in the middle of the quartz tube (~900 mm in length, 30 mm diameter) of the CVD system to ensure the isothermal conditions.
Synthesis of Carbon Nanotubes
The furnace was heated up to 300 o C under 1000 mL/min Ar flow for 30 min to stabilize the catalyst and to purge oxygen present in the furnace prior to the start of the flow of acetylene.
Afterwards, the system was set to a temperature between 500 o C and 800 o C for the CNTs growth.
When the temperature set for the experiment was attained, acetylene (40 mL/min) diluted in Ar (1200 mL/min) were introduced into the system. The flow of the acetylene was continued for 30 min in all experiments. The samples were cooled down to room temperature under an Ar atmosphere (1000 mL/min).
To investigate the effect of the flow rate of acetylene the reaction temperature was set to 700 o C (as described below the optimum temperature for CNT production) and the acetylene flow rate was changed in the range of 40-120 mL/min.
Carbon nanotube yield was calculated as, 
Characterization Methods
The synthesized metal-impregnated FSM-16 was characterized by XRD, surface analysis techniques using N 2 adsorption-desorption isotherms. X-ray diffraction pattern were recorded with a Bruker AXS advance powder diffractometer equipped with a Siemens X-ray gun and Bruker AXS Diffrac PLUS software, using Cu Ka radiation (k = 1.5418 Angstrom ). The samples were scanned in the 2θ range of 2-10°, with step size of 0.01 0 . Specific surface areas, pore diameters and pore volumes were determined by Quantachrome NOVA 2200 series Surface
Analyzer. The nitrogen adsorption/desorption isotherms were recorded at 77 K. Prior to physisorption measurements, the samples were outgassed at 423K for 4h. The specific surface 
Results and Discussion
X-ray diffraction pattern of Fe-FSM-16
Nitrogen adsorption-desorption isotherms
Physical adsorption is one of the methods for the porous materials characterization and provides information about surface area, pore size, and pore size distribution. Specific surface area, pore diameter and pore volume data of the FSM-16 and Fe-FSM-16 are presented in Table   1 . Specific surface area of the FSM-16 and Fe-FSM-16 were 755.1 m 2 /g and 581.5 m 2 /g, respectively. It seemed that the impregnation of Fe(NO 3 ) 3 .9H 2 O on the FSM-16 decreased the surface area due to intrapore formation of ferric oxide. This reduction in the surface area in the case of Fe-FSM-16, were also supported by the lower values of pore diameters (from 3.6 nm to 2.5 nm) and pore volumes (from 1.43 cc/g to 0.55 cc/g). In combination with the XRD data, surface area measurements offered detailed information about pore architecture of the catalytic Figure 2 . Samples showed a well defined step at P/P 0 ≈0.3-0.5, which represented capillary condensation of N 2 gas and uniformity of the pores (19).
Effect of temperature on CNTs growth
Temperature is an important parameter for the growth process, since the ability of a catalyst to dissociate hydrocarbon depends on the reaction temperature. Indeed, raising the reaction temperature increased the carbon formation over the catalysts (12). In order to investigate the temperature effect, experiments were performed between 500 o C and 800 o C. Under pyrolytic thermal conditions hydrocarbon molecules broke forming radicallic fragments; these attach to the catalyst particles and diffuse through the catalyst particles, and then led saturation level. During this process, rate determining step is diffusion of carbon from gas/metal interface to metal/carbon interface. As a result, mass flux originated from the solubility difference of carbon at gas/metal interface and metal/carbon interface. At low temperatures carbon solubility in solid solutions was very low (20). Therefore, CNTs structure was not observed at 500 o C. Beyond this temperature it seemed that higher amounts of carbon material started to deposit on the catalyst. Figure 5 shows the general geometry of nanotubes grown over 4 wt % Fe-FSM-16 particles. High-resolution transmission electron (HRTEM) micrograph in Figure 6 reveals the multilayer sidewalls of an individual MWCNT with a diameter of 40 nm, in which hollow and tubal structures were observed.
Effect of Acetylene Flow Rate
In order to investigate effect of the flow rate of acetylene on the amount of carbon nanotube formed, the experiments were carried out at flow rates of acetylene in the range of 40 - Effect of the acetylene flow rate on the structure of CNTs was also investigated by Raman spectroscopy. Raman spectra of the CNTs formed over 4 wt % Fe-FSM-16 at 40 mL/min, 80 mL/min, 100 mL/min, and 120 mL/min acetylene flow rates were shown in Figure   9 . There was not any peak in the RBM region in the Raman spectrum, this indicated that SWCNTs were not produced but MWCNTs were formed.
The ratio of the intensities of D/G ratios were shown in Table 3 . Intensities of G and D bands increased with increasing acetylene flow rate, however, the ratio of these two band stayed constant indicating that flow rate of acetylene did not have any significant effect on the quality of CNTs.
TGA
TGA measurements were performed in order to investigate the quality of CNTs. to amorphous carbon and burned at higher temperatures. With increasing temperature, inflection temperature shifted to higher temperatures. TG-DTA data proved that CNTs grown at higher temperature had better crystalline structure compared to low temperature grown (22).
Effect of acetylene flow rate on graphitization of CNTs grown at 700 o C was investigated.
TG and DTA curves of samples are illustrated in Figure 11 . When the flow rate increased from It was noted that, the peak of maximum weight loss and inflection temperature shifted toward to higher temperatures with increasing acetylene flow rate. With increasing the flow rate of acetylene above 60 mL/min, inflection temperature did not change. It was found that, for flow rates higher than 60 mL/min, CNTs had better crystalline structure.
Conclusion
In this study, the effect of CVD temperatures and acetylene flow rates were investigated in the production of CNTs over 4 wt% Fe-FSM-16 catalysts. Catalysts were prepared by wet impregnation method.
• Experiments were conducted at 500 • The effect of acetylene flow rate on CNTs production of 4 wt% Fe-FSM-16 at 700 o C using 40 mL/min-120 mL/min acetylene flow rate was studied. The carbon amount deposited on the Fe catalyst increased until the acetylene flow rate reached 80 ml/min and it was constant with increasing flow rate. This behavior was the result of equilibrium of carbon concentrations between acetylene/metal interfaces. Moreover, SEM images demonstrated that CNTs diameter was almost same with increasing acetylene flow rate.
• High-resolution transmission electron micrographs of samples reveal the multilayer sidewalls of individual MWCNTs with diameter of 40 nm, in which hollow and tubal structures were observed.
• Raman spectroscopical results clearly indicated that the CNTs produced were MWCNTs.
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